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| ible  at  the  time  of  prcpar.it ion.  because  the  results  ma>  be  subject  to  change, 
i this  document  should  not  be  construed  lu  represent  the  official  position  of 
the  U.S.  Array  M-atericl  CornmanJ  unless  so  stated. 
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10  ftBSTRACT  'Ci«f|nu*  on  i*  .U»  If  i.caif  •*>  mrut  i hf  bturk  mimbtft 

Results  from  a study  of  techniques  for  forecasting  overhaul  factors 
are  reported.  Techniques  evaluated  Include  cumulative  history,  moving 
average,  and  single  and  adaptive  exponential  smoothing.  A modified  version 
of  the  exponential  smoothing  technique  produced  the  best  results.  The 
study  was  based  on  data  reported  over  a five  year  period  on  overhaul  pro- 
grams on  53  reparable  items  involving  6614  repair  parts. 
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The  report  p*c‘.«  nts  results  rcm  a study  o:  iorecasting  repair 
pax:  consumption  In  depot  overhaul  programs  for  reparable  items.  Consump- 
tion data  repwrtid  over  a :J\e  /ear  period  on  overhaul  programs  for  53 
reparable  items  involvin'  '•6U  parts  were  used  to  simulate  overhaul  factor 
forecast  i:.c.  j;.dcr  1 r.ur’er  *:  dli;o;*o:.t  forecasting  techniques.  Compara- 
tive i valuations  of  the  xvi:/.  a\\r...*e,  simple  exponential  smoothing,  adap- 
tive smoothing  technique**  it.J  techniques  us.'d  in  the  materiel  management 
syster  o:  the  IS  Army  *:.i;  «.  riel  Dommus.d  arc  presented.  Actual  consumption 
o:  parts  varies  considerably  frer  program  to  program.  This  variability 
obscures  the  s igr.i »* icar.ce  o:  di:  foroi. in  forecast  accuracy  achieved 
by  th^  forecasting  tcchx.iques  investigated.  A modified  exponential  smoothing 
technique  CtODI  XP  ) developed  1:;  the  course  o t the  study  was  found  to  be 
superior  to  the  ether  techniques  evaluated. 

MQDKXPO  is  based  or.  the  single  exponential  smoothing  technique  modified 
to  take  advcx.tago  of  routinely  r. corded  enpirical  data  on  Army  depot  main- 
tenance overhaul  progra-  , in  forecasting  the  "depot  overhaul  factor"  (DOF). 
The  DOF  is  dexir.ee  as  the  quantity  of  ^ repaid  part  cor.sur.eJ  per  reparable 
Iter,  overhauled.  Due  to  data  recording  ai.d  reporting  procedures,  actual 
values  of  the  DoF  can  only  ^e  estimated  from  the  total  quantity  of  a repair 
part  (Q)  consumed  in  overhauling  a certain  quantity  00  of  a given  reparable 
item.  An  estimate  cf  the  DOF  »s  the  ratio  Q/.\‘ . 

In  single  exponential  smoothing,  the  smoothing  constant  is  usually 
not  explicitly  related  to  Information  on  the  process  affecting  the  actual 
observations.  Under  XODEXPO,  the  smoothing  constant  is  based  on  N and  on 
the  "average  yearly  maintenance  program  quantity"  (P)  where  P N\  It  is 
derived  so  that,  for  example,  consur.pt ion  observed  in  overhauling  100 
reparable  items  is  given  more  weight  in  forecasting  the  DOF  for  the  next 
program  than  If  consumption  had  been  observed  on  only  5 reparable  items. 

It  is  recommended  to  replace  the  DOF  forecasting  technique  in  use 
at  AMC  depots  with  the  MODEXPG  technique  with  a 1-year  average  maintenance 
program  quantity  as  parameter.  Also,  Command  level  overhaul  factors  should 
be  estinated  from  the  LOFs  by  a tormula  doiined  to  form  a weighted  average 
based  on  the  average  yearly  maintenance  program  for  each  depot. 
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il  f : ci  oncer*  b*tvirn  loroMf.r*  i!  and  actual  cunsur.pl  ion  u!  npair 
. i*:-.  for  ovo r:.au*.  of  reparable  ei.d  items.  ir  if.sorblit?-  ji  the  Army  depot 
« 1 e?  \untw’:..i:::o  or  , Ik  gene:*-!,  quite  large.  «t  the  lir.e  of  initia- 

tion . :*  ibis  project,  forcca::*  rad*.  for  procurement  and  :.tock  control 
purposes  a:  hailor.zl  Inventory  Otrtfol  Icli  ts  (NICPs)  l!  Oozimuditv  Commands 
o:  ti.«-  AS  Amy  Materiel  Command  (A.‘M)  were  based  on  a different  forecast  inp 
technique  than  thit  used  at  the  overhaul  p*.  4 i urr.ing  depots  to  forecast  rheir 
Individual  requirements . It  was  not  clear  which  c f these  two  different 
techniques  produced  bettor  fcrecasts,  er  whether  other  forecast! tip.  te  h- 
nlqu^s  would  or  would  r.ot  be  superior  to  those  being  used.  in  addition,  the 
basic  input  data  was  processed  twice,  first  at  the  depot  and  then  again  at 
the  Cor-and  level. 

The  quantitative  forecast  of  repair  part  requl rcnoiils  is  a function 
o!  tile  number  of  unserviceable  itera;  planned  for  overhaul.  This  number  is 
forecasted  prior  to  actual  availability  of  these  assets  at  the  depot  over- 
haul facility.  Thus,  the  accuracy  of  the  forecast  of  reparable  asset  returns 
also  affects  the  quality  of  requl rotten ts  estimates.  Recognition  of  these 
problems  by  the  Maintenance  Directorate  at  AMC  Headquarters  initiated  the 
US/dlC  Inventory  r esearch  hi  f ice  (11*0)  study  cflorl  on  depot  maintenance 
forecasting  and  scheduling. 

1 . 2 Scope  of  Report 

This  report  covers  the  investigation  of  different  techr.iqaes  which 
could  be  employed  in  forecasting  the  “overhaul  factor'*  parameter  needed 
to  estimate  repair  part  requirements.  Study  results  on  unserviceable 
asset  return  forecasting  are  reported  in  Reference  1. 

1 . 3 organization  of  Report 

Chapter  II  presents  a surxvarized  description  of  the  research  problem 
environment,  concepts  and  structure  and  the  approach  taken  to  arrive  at 


.»  solution.  * luster  III  provides  descriptions  of  the  data  base  and 
o:  the  forecasting  techniques  considered.  Kvaluatlon  criteria  and 
ntionale  applied  to  enable  a choice  among  alternatives  are  discussed  in 
di.apter  IV.  The  error  statistics  used  for  evaluation  and  a brief  descrip- 
tion of  the  computerized  logic  developed  for  simulating  forecasting  under 
the  vjrlous  techniques  are  presented,  Chapter  V covers  results  obtained 
iron  inquiries  with  military  and  non-military  organizations  on  depot  type 
overhaul  and  results  f ron  computer  simulation  runs.  Conclusions  and 
recomrsendat Ions  are  then  stated.  Supplemental  information  and  mathematical 
details  are  included  in  the  Appendix. 


CKAIMCk  II 


DESCRIPTION  OF  RESEARCH  PROBED! 

Jt . 1 Overhaul  Process  and  Parcs  Support 

In  general,  rrparables  which  tec one  unserviceable  at  their  operational 
point  cl*  use  are  scheduled  for  induction  Into  the  overhaul  production  lines 
at  wt.t  or  note  depots.  The  scheduling  is  done  via  a linear  programing 
redd  operated  bv  the  AMC  Major  Item  Mata  Agency  (MIDA),  taking  into 
account  the  quantity  to  be  overhauled  over  the  current  5-year  maintenance 
program  planned  lor  the  teparablc  it cn  in  question  (Reference  2).  Each 
specific  maintenance  program  under  which  a given  number  of  reparables  is 
to  be  ovi'i.'.auled  or  rebuilt  io  identified  by  a Procurement  kcquest  Order 
Number  (PROM).  The  reparable  item  quantity  associated  with  a given  PROM 
is  referred  to  as  the  "maintenance  planned  quantity"  (MJPQ) . Increments 
of  the  MPQ  placed  into  the  overhaul  shop  at  a depot  are  referred  to  as 
induction  quantities.  The  detailed  induction  schedule  for  a depot  is  ce- 
ternined  by  the  "scheduling  module"  which  resides  within  the  SPEEDEX 
(bystem  Wide  Project  for  Electronic  Equipment  at  Depots  Extended)  computer 
system  ir.pl cner.toc  at  <*>!C  depots.  The  MPQ  and  the  induction  schedule  are 
updated  automat lcoliy  cn  a periodic  basis. 

Repair  parts  required  in  support  of  a PROM  are  provided  through  a 
system  made  up  of  the  Comrodity  Command  managing  the  reparable  item,  the 
depot's  installation  supply  accounting  activity,  production  planning  and 
control  activity,  and  depot  work  center  stockpoints.  fPEEDEX  provides  parts 
.winagers  and  specialists  with  information  on  maintenance  and  supply  transac- 
tions and  requirements  forecasts  for  a program,  including  forecasts  of  part 
shortages,  on  a weekly  basis  or  more  frequently  if  necessary.  (Reference  3). 

Parts  management  at  the  Command  level  is  automated  under  the  Commodity 
Command  Standard  System  (CCSS)  which  interfaces  with  tne  SPLEDEX  system.  As 
a result  of  recent  actions  initiated  by  the  Director  of  Maintenance  at 
AMC  Headquarters  - including  this  study  - depot  overhaul  related  functions 
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. i 1 » « m ! 

tc-rsace^  the 


t t *>**  .**.d  t..c  •><*!.!  X -.y.s’.-r.  mi  their  functional  inter- 
cui  rent  1 v ! riiu;  revised.  in  Mineral,  the  CCSS  pro- 
uec  >:  ;?'!•:•••*«* in*;  depot  level  maintenance  program 

rear:  , :i-*  i-rci;*!,  ^ontrart  or  cross  service  programs 
the  best  ptssiitle  oasi  * lor  est  ahl  ishir.p  wholesale 
;;plv  : cqui-er.Lrts  in  support  oi  overhaul  programs. 

r-it  lor,  cn  the  ar.d  : l#r  EIiKK  systcr.  (•metiers  ar.d 

depot  maintenance  urea  is  in  references  1 through  9. 


. * > ?rrcj!it  Ir.g  .m.Cept  s 

'.adieus  i!it:cnr,t  “ethous  can  be  used  to  estimate  repair  part  re- 
quirements for  overhaul  proqr ar.s.  "nsi  oi  the  requirements  lor  parts  used 
^ r pregrarv  executed  at  AMC  depots  are  estimated  for  each  program  by  using 
the  overhaul  factor  unwept.  Another  approach  is  rhe  use  of  the  demand 
rate  to  estimate  tin:  quantity  o:  a given  part  needed  to  co'*er  one  or  more 
programs  concurrent ly . 

Ibo  ove:..au!  lactor  r.  presents  the  quantity  of  a given  repair  part 
required  to  overhaul  .i  fixeu  quantity  el  a reparable  iter:  in  a specified 

V 

condition  r:  i.nserviccabi 1 itv.  The  quantity  of  a part  required  to  over- 
haul h r.ur.be r of  reparable*  items  raeding  the  part  is  slnply  X tines  the 
overhaul  lactor  when  the  lactor  is  quoted  on  a "per  one.  reparable  item" 
bas  is . 

The  demand  rate  represents  the  quantity  of  a divert  repair  part  needed 
to  cover  ccnsurpt  ion  of  the  part,  per  fixed  unit  of  time,  in  overhaul 
operations.  Using  this  concept,  the  quantity  oi  a part  required  to 
overhaul  X number  of  reparables  Is  immaterial.  Instead,  a fixed  period 
of  tir.c  is  used  to  arrive  at  a part  requirements  quantity.  The  demand 
rate  approach  is  typically  used  for  parts  such  as  common  nuts,  bolts,  washers, 
sandpaper,  etc.,  for  which  recurring  demand  is  fairly  steady  and  independent 
of  the  number  of  rcparablcs  overhauled  under  any  specific  program  as  long 
as  the  aggregate  overhaul  workload  docs  rot  vary  significantly  with  time. 
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The  problem  .iwdri  r.sed  i this  ; is  the-  d.*’  i rnlr.at  ion  of  the 

pioter red  technique  for  forecasting  the  overhaul  factor  needed  for  repair 

requi revonts  estimates. 

* Arsurpt  ions 

*!aJor  tssutpiions  unaorlvu.g  t?.<  *:udy  ire: 

a.  lati  to  update  overhaul  :uc*or  •••Uirntes  will  he  collected  and 
processed  av  required. 

h.  /r.y  forecasting  technique  sel«.^ted  rust  he  applicable  to  all 
repair  parts  neoJc-d  in  depot  overhaul,  regardless  of  earned  icy  class  Co 
••hie-:  •!  repair  pare  nr  a reparable  item  belongs. 

Additional  assunpt ior.c  associated  with  the  various  forecasting 
techniques  to  be  discussed  are  stated  where  appropriate. 

- • * Study  J'221£iL?Jl 

Available  reports  and  other  literature  were  reviewed  to  select  fore- 
casting techniques  which  appeared  to  be  especially  applicable  to  the  problem 
at  hand.  ::jjor  Subordinate  (Commodity)  CVnnands  and  depots  of  the  Array 
:iatericl  Command  were  contacted  in  search  of  information  and  actual  repair 
part  consumption  data.  Telephone  inquiries  were  also  made  with  US  Air  Force 
and  h'avy  activities.  A letter  of  inquiry  concerning  overhaul  operations  was 
sent  to  10  r.cn-nili  tnry  organicat ions  and  followed  up  by  telephone  calls. 
'Appendix  1)  Computer  program  were  developed  to  simulate  overhaul  factor 
forecasting  and  to  build  a suitable  data  base  for  simulation  purposes.  Quan- 
titative measures  of  forecasting  technique  performance  obtained  iron  the 
simulation  and  considerations  concerning  degree  of  ease  or  future  implemen- 
tation ar.d  use  in  the  CCSS  and  SI'EKDtX  system  were  defined.  These  provided 
a set  of  criteria  for  selection  of  the  preferred  technique  for  overhaul 
factor  forecasting. 
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CHAPTER  III 


~ATA  bASu  AND  FORECASTING  TECHN'KLT.S 
3.1  I.U  »ra  t u.  • ■ > rch  ana  ;vt\lcv 

A custom  blbliogxaphy  on  the  .subject  "Forecasting"  was  obtained 
rrcr.  the  L'efense  Logistics  Studies  Intorr-.it ion  Exchange  (Roiorer.ee  10). 

The  bibl  icgrapky  lib  ted  ihrw  papers  (References  11,  12  and  13)  which 
reported  cn  vork  closclv  r.iiuicd  i<j  overhaul  factor  forecast  Inc. 

Asciachan  und  Sherbrooke  (Reference  14)  report  on  a study  to  determine 
empirically  whether  the  exponential  smoothing  technique  is  superior  to 
the  moving  average  technique*  using  historical  data  on  repair  parts  of  an 
aircraft  and  a missile  bystem.  drown  'Reference  13)  presents  complete 
coverage  of  a vide  variety  of  forecasting  models.  Levis  (Reference  16) 
also  presents  analyses  and  illustrative  examples  of  the  more  frequently 
applied  forecasting  techniques  includin'  adaptive  response  rate  fore- 
casting  proposed  by  Trig^  and  Leach  (Reference  17).  iJcGlothlin,  et  al 
(References  18,  I'*,  2u)  studied  the  use  of  Fayes1. an  techniques  for  spare 
parts  demand  prediction.  Maryland  (Reference  21)  reports  on  a comparative 
evaluation  of  demand  forecasting  techniques  for  military  helicopter  spare 
parts  and  presents  a comprehensive  ;cviev  of  demand  prediction  research 
and  an  extensive  . itliography . 

Review  of  litiraiure  cited  above,  consideration  of  available  data, 
the  particular  torecasting  problem  structure  and  the  forecasting  techniques 
used  in  the  CCSS  and  SPKEDLX  system  at  • he  time  of  this  study  resulted 
in  selection  of  a set  o:  techniques  for  evaluation. 

Papers  by  Axtcll  'Reference  22)  and  Quinn  (Reference  23)  are  the 
most  recent  and  closely  related  to  the  subject  at  hand.  These  papers 
became  available  after  the  data  collection  simulation  runs  and  analyses 
vork  at  IRO  had  been  completed.  Axtell  used  empirical  data  on  repair 
part  consumption  from  the  same  source  (L‘2  Army  Electronics  Command)  which 
furnished  part  of  the  data  base  for  the  IRO  study.  Quinn  employed  computer 
simulated  repair  part  demand  tine  series  rather  than  actual  data.  Both 
authors  provide  comparative  evaluations  of  forecasting  techniques.  Results 
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obtained  l>*  Amtell  arc,  in  general,  consistent  with  findings  of  the  study 
reported  herein. 

1 . 2 Uato  Hose 

The  selection  and  fornulaiion  of  forecasting  techniques  was  in- 
fluenced by  the  type  of  actual  datj  on  repair  part  usage  in  depot  overhaul 
prog.ans  available  for  this  study.  71. is  data  had  been  accumulated  by  the 
US  Electronics  Co  mood  (LCOMA  and  the  IS  Arry  Troop  Support  Command 

1TK0SC0M)  over  a five  year  period  (1967  to  1971).  ECOM  and  T EOS COM  fur- 
nished the  data  on  magnetic  tape  in  so-called  ?.K  and  BT1  formats  respec- 
tively. These  formats  were  prescribed  by  regulations  in  effect  during 
that  cine;  details  on  these  ore  in  References  3 and  22.  The  formats 
provided  the  following  key  data  el  orient s;  stock  number  of  item  being 
overhauled,  PROM  serial  number  and  associated  fiscal  year,  identifier 
of  depot  performing  the  overhaul,  type  cf  overhaul  performed  (c.g.,  cither 
"rebuild'*  or  "complete  reconditioning"  versus  "inspect  and  repair  as 
necessary"),  quantity  of  the  reparable  item  on  which  overhaul  was  com- 
pleted under  the  i’RON  at  a given  depot,  and  the  stock  numocr  and  quantity 
of  a giver,  repair  part  issued  against  the  PROM  by  the  depot's  installa- 
tion supply  accounting  activity.  Regulations  did  not  require  the  recording 
of  data  on  the  repair  part  quantity  actually  used  to  cover  any  given  repar- 
able item  among  those  overhauled  on  a niver.  PROM;  hence,  data  of  this  type 
was  not  available. 

The  ECOM  tape  contained  data  or:  339  reparable  items  involving  1322 
PROMS  and  about  30  thousand  repair  parts.  The  TROSCOM  tape  reported  cn  C5 
end  items  involving  230  PROM’S  and  about  26  thousand  parts.  The  raw  data 
base  was  edited  to  create  a purified  data  base  for  subsequent  use  in  com- 
puter simulation.  This  editing  accounted  for  the  following  conditions: 

a.  Only  non-zero  issue  quantities  of  a repair  part  used  on  a given 
end  item  overhauled  under  a given  PROM  were  contained  in  the  raw  data  base 
tapea.  There  were  many  parts  used  on  some  PROMs  for  a given  reparable 
but  not  on  other  PROMs  for  the  same  reparable  item,  type  of  overhaul  and 
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depot.  Zcrro  Issue  quantities  wore  supplied  in  the  purified  data  base. 

Tl.e  assumption  was  ratio  that  If  a part  uas  used  in  performing  a specified 
type  overhaul  or.  a given  reparable  on  ore  or  norc  in  a series  of  PRONs, 
the  part  vac  subject  rc  replacement  on  the  treal  number  of  PRONs  for  that 
reparable  item.  The  omission  of  roro?;  In  a time  series  of  Issue  quanti- 
ties would  have  seriously  diminished  if  r.ot  invalidated  r lie  significance 
of  analysis  results  obtained.  It  was  also  assumed  that  the  repair  part 
issue  quantity  reported  unde  4 a giver.  PRGN  represented  the  actual  quantity 
consumed  to  overhaul  the  reported  reparable  completion  quantity. 

b.  Reparable  items  which  had  experienced  fever  than  3 successive 
PRONs  were  eliminated.  Tills  vas  done  to  have  repair  part  issue  and 
reparable  item  completion  observations  on  at  least  3 PRONS,  the  first  of 
which  furnished  an  initial  estimate  of  the  overhaul  factor  to  be  updated 
tor  the  next  and  subsequent  PRONs. 

c.  Paia  records  no:  associated  with  rebuild  or  complete  re- 
conditioning type  overhaul  were  eliminated. 

d.  Data  records  flagged  by  the  originator  as  being  unreliable 
were  eliminated. 

e.  Data  records  with  questionable  identif icaticn  of  the  reparable 
item,  repair  part,  Commodity  Command  or  depot  * .re  eliminated. 

The  data  purification  process  yielded  a data  base  with  a combined 
(CCC.'I  and  TROSCOM)  total  of  413  PRONs  involving  53  reparable  items  and 
■5614  repair  parts  each  cf  which  vas  used  on  3 or  more  PRONs.  Roughly,  SO 
percent  of  the  total  purified  data  base  derived  from  the  original  ECOM  tape. 

3. 3 Overhaul  Factor  Forecasting  Techniques 

Seven  forecasting  techniques  were  investigated.  Each  of  these  is 
described  ir.  this  paragraph  under  the  following  generic  names: 

a.  Cumulative  History 

b.  CCSS  Model 

c.  Moving  Average  on  Sums 
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a. 


lov  i :ig  Ave  l a gc  On  ,<  1 1 c 

o.  Single  F.xponcnt  iui  Srocthinp 

! . Adaptive  Exponent  ill  rwceel hing 

p.  Vodified  r.xponcntia]  .*  r..co  thing 

lr.  ail  of  these  techniques  an  •verhaui  fjctor  forecast  is  made  to 
cat  i “Ate  the  requirements  quantity  of  .1  giver.  part  needed  for  the  next  PRO?*’ t 
based  on  the  consumption  experience  for  the  part  on  the  sane  stock  numbered 
reparable  Iter,  under  preceding  F!\C*:«s.  .»verhaui  factor  rorecasts  cannot  be 
updated  curing  but  only  upon  completion  ot  a PRO?.*.  This  is  because  con- 
sur.pt ion  (issue)  quantities  are  recorded  ar.d  reported  on  the  total  number 
rather  than  on  individual  reparable  Items  completed  under  a PP.O!.\ 

For  ease  of  subsequent  discussions , t*.e  overhaul  factor  is 
expressed  as  the  quantity  of  a pi ven  repair  part  required  to  overhaul 
one  reparable  iter.:  of  a specified  type  characterized  by  a unique  stock 
number . 

in  the  simulation,  the  issue  anc:  completion  quantity  from  the  first 
PRO?.*  was  used  to  estimate  the  initial  overhaul  factor.  In  actual  opera- 
tions, an  engineering  estimate  posted  or.  initial  provisioning  documen- 
tation is  used  for  the  initial  overhaul  factor  estimate.  This  applies 
to  all  techniques  to  be  discussed  here. 

Cumulative  History 

This  technique  was  programmed  ir.  the  Fl'f.EDEX  system  used  exclusively 
at  the  A?»C  depot  level.  The  forecast  cf  the  overhaul  factor  is 
estimated  by  the  ratio  of  the  cumulative  total  repair  part  issue 
quantities  divided  by  the  cumulative  total  reparable  items  overhauled 
on  the  last  and  all  preceding  PRO?\s.  This  is  an  adaptation  of  the 
classical  time  series  model  with  a constant  trend  and  a tine  dependent 
error  term  where  the  expected  value  of  the  error  is  assumed  to  be  zero 
over  the  time  period  preceding  the  forecast.  (For  details  of  time  series 
models  associated  with  forecasting  techniques,  refer  to  References  15,  16, 
or  equivalent  sources).  Algebraically,  using  J and  K as  PRON  indices, 
the  forecast  of  the  overhaul  factor  fot  the  next  PROS,  based  on  data 


iron  K preceding  PRO  Ns , is  given  ty 


ro>i)  - :q(j)/:n(J)  (l) 

j j 

K ( 1 ) - Engineering  Estimate 

’ * ! ° V • i*  » 1 > 1 

whore 

K ( • ) • overhaul  factor,  quality  of  specified  repair  pare 

required  to  overhaul  one  specified  reparable  item. 

N(J)  B quantity  of  specified  reparable  item  on  which  overhaul 
was  conpler  under  the  Jth  PRO  11 

Q(J)  • quantity  of  specified  repair  part  issued  (consumed) 
to  complete  N(J)  reparable  items  under  PROM  J. 

The  SPEEDEX  system  routine  automatically  inserts  a zero  consumption 
quantity  whenever  appropriate. 

CCSS  Model 

This  technique  is  unique  in  that  it  was  not  found  in  any  of  the 
literature  reviewed  except  in  Reference  6.  It  is  a computational 
algorithm  which,  up  to  a point,  works  like  the  cumulative  history  tech- 
nique; it  then  forces  a periodic  discarding  of  old  data.  In  a sense,  it 
is  a modification  of  the  moving  average  technique  discussed  below.  The 
discarding  of  data  is  accomplished  by  the  use  of  two  parameters  expressed 
in  terns  of  a minimum  and  a maximum  quantity  of  the  reparable  item  on  which 
overhaul  was  completed.  As  long  as  the  cumulative  reparable  item  completion 
quantity  falls  within  the  range  defined  by  the  two  parameters,  the  overhaul 
factor  is  updated  via  the  cumulative  history  technique.  The  instant  when 
the  maximum  parameter  has  been  reached  or  exceeded  the  overhaul  factor 
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estimate  is  "trocon"  and  applied  t«»  s«!ko»;ui  n:  completion  quantities. 

When  t lie  cumulative  number  of  t h»-s«*  couplet  ions  : e.i«  hos  or  ••xcecJs  the 
minimur  parameter % tie  ‘’frozen1'  !«  t*.:  .mo  assoc  l.ited  constir.pt  Ion  and 
completion  history  is  discarded;  a new  factor  is  estimated  using  the 
cumulative  history  technique  until  the  • parameter  is  reached  ago1:; 

then  the  cycle  Just  described  starts  ev«  : a>Mi:..  The  lorecast  of  the  ove 
haul  ‘actor  in  one  ol  the  cycles  ray  be  expressed  as  follows,  assuming 
forecast  was  frozen  after  completion  at  P »•;.*  I.: 


f(i>k)  « :q(J)/:::(J) 

J J 

Forecast  is  again  frozen  at  F(L^K)  value. 

1*(L)  - F.ugineering  Islinate 

An  illustrative  example  of  forecasting  by  the  CCSS  model  is  included 
under  Appendix  2. 

In  contrast  to  the  cumulative  Jiistory  technique,  the  CCSS  model 
requires  specification  of  numerical  values  of  the  minimum  and  maximum 
parameters.  Available  documentation  provides  the  following  guidance: 


if: 


(J)  «*  Minimum  Pa  rare  to 


J 


f(L+K)  * F(L) 


If:  Minimum  F inr.elcr  • 


F(L+K)  « E Q(J> / 

J J 


T 


Cc) 
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"The  tuixlnun  parameter  1?.  est abl  ished  to  prevent  the  (data) 
tile  iron  livening  i xcersi vei y long.  The  spread  between 
minimum  and  naxinur.  par. meters  should  not  exceed  1 to  2 
years  o!  net  capacity  quantity,  the  overhaul  parameters 
must  relate  to  the  density  o!  tin*  equipment.  For  low  density 
equipment,  the  minimum  parameter  v.ci:ld  be  relatively  low  and 
the  spread  between  minimum  and  maxinun  not  too  groat.  As 
the  density  of  equipment  increases,  higher  minimum  parameters 
and  greater  spread  would  normally  be  advisable.  The  minimum 
parameter  must  be  greater  chan  rcro  and  the  maximum  must  be 
greater  than  the  minimum. " (Reference  6) 

In  simulating  forecasting  with  the  CCSS  model,  the  minimum  parameter 
was  fixed  at  one  third  of  the  average  yearly  maintenance  program  quantity 
for  a giver,  reparable  item.  The  maximum  parameter  was  fixed  at  values 
varying  between  or.c  hall  and  1 times  this  quantity.  These  values  were 
chosen  based  on  inquiries  with  the  AM (‘  Aviation  Systems  Command. 

Moving  Average  on  Sums 

Detailed  analyses  and  applications  of  roving  averages  are  amply 
documented  in  the  literature  (e.g.,  Reference  15).  The  particular  appli- 
cation of  this  technique  for  overhaul  factor  forecasting  is  based  on  the 
idea  that  it  may  be  applied  separately  to  the  sum  in  the  numerator  and  the 
.*um  in  the  denominator  of  the  ratio  expressing  the  overhaul  factor  estimate. 

The  base  period  parameter  which  characterizes  the  moving  average 
technique  can  bo  expressed  cither  in  terms  of  a specified  number  of  PRO‘*s 
or  implied  from  a specified  number  of  reparable  items  overhauled.  Both 
of  tlie sc  two  models  wore  used  in  the  simulation. 


15  * 


I KON  base  Period  .“odei*  -Let  .»  denote  the  number  of  PKONS  itpre- 
?*entlr.g  the  moving  average  base  pt-viod.  The:;,  with  previous  notation, 
the  forecast  for  tSu  next  i*;. 


r?:v*L)  » Hi)/  L **(J;  (3a) 

J J 

J - i.-‘ K 

K - l,2,...r 

F(r>l)  - ::  C(r>]-JK  L \'(K+1-J)  (3tj 

J J 

j - l,:, ...a 

K * B+l,  ft+2 

In  the  9inulation  the  base  period  parameter  }\  was  assigned  integer 
values  In  the  range  iron  1 to  C* 

Iten  Completion  Base  Porioe  !\>doi.  - Let  P denote  a fraction 
or  integer  multiple  of  the  average  yearly  .maintenance  program  quantity 
described  under  the  CCSb*  model.  Let  J,  ar.d  L be  PKON  indices* 

The  forecasting  algorithm  may  be  f emulated  as  follows: 

Put  L equal  to  1 initially.  Then,  with  J * L,  L - 1,...K, 

1 . if  1 X(J)  ^ b , retain  current  value  of  L 

J (4) 

ii*  if  Z S(J)  > b , increment  current  value  of  L by  1. 

J 

F (K+l)  - L Q(J)/L  N (J ) . 

J J 
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The  range  or  B as  discussed  under  the  (CSS  model  was  used  in  the 
simulation. 

A numerical  example  illustrating  this  algorithm  is  given  in 
Appendix  2. 

i.avlng  AVe rujj On  J**u tjjo 

In  this  application  the  moving  average  technique  is  applied  directly 
to  the  ratio  c!  repair  p<*ri  ijsu  quantity  to  reparable  item  completion 
quantity  or.  a given  PPO::.  As  in  the  moving  average  on  suns  technique, 
the  base  period  parameter  is  expressed  either  in  terns  of  a specified 
number  of  FI-ONs , or  implied  from  a specified  number  of  reparable  items 
overhauled. 

pro:;  Case  Feriod  Model.  - 1'slug  notation  introduced  previously 
with  h denoting  the  number  cf  PKONs  representing  the  moving  average  base 
period,  the  forecasting  algorithm  may  be  formulated  as  follows: 

For  K - 1,2,...,B  and  .]  * ),2,...K 

F (K+l ) « (1/KJ  • : [ Q(J ) /::( J ) ] (3a) 

J 

For  K » iS*l,  B+? 

F(K-fl)  - F (K)  [1/b]  • [g(K;/:;(K)  - Q(K-B)/N(K-B)J  (3b) 

In  the  simulation,  t lie  base  period  parameter  was  assigned  integer  values 
in  the  range  from  1 to  C. 

Item  Completion  Base  Period  Model.  - \s  before,  B denotes  a specified 

fraction  or  multiple  integer  of  the  average  yearly  maintenance 
program  quantity.  The  forecasting  algorithm  nay  be  formulated  as 
follows: 
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Tut  L equal  to  1 Initially.  Then,  with  J - L,  L+1,...,K, 

I.  If  l N ( J ) < B , retain  current  value  of  L 

J (6) 

II.  if  I N*(J)  > B,  Increment  value  of  I.  by  1. 

J 

F (K+l ) - [ 1/ (K+l-L) ) • r (Q(J) /N(J) J 
J 

Thus,  the  integer  base  period  K+l-L  Is,  by  virtue  of  the  determina- 
tion procedure  for  L,  a function  of  the  reparable  item  completion 
quantities  on  successive  PRONS  with  PRON  index  L through  K. 

Single  Exponential  Smoothing 

Many  analyses  and  illustrative  examples  of  exponential  smoothing 
are  provided  in  the  literature  (e.g.,  Reference  15).  The  use  of  higher 
order  exponential  smoothing  (as  well  as  higher  order  moving  averages) 
would  have  added  to  the  degree  of  completeness  and  sophistication  of 
this  study.  However,  the  additional  work  and  time  expenditure  appeared 
not  to  be  Justified  in  view  of  the  variability  and  general  nature  of  the 
basic  data. 

The  well-known  (Reference  15)  relationship  between  the  base  period 
parameter  of  the  moving  average  technique  and  the  smoothing  constant 
required  by  the  exponential  smoothing  technique  rests  on  the  equivalence 
of  data  age  or  equivalence  of  variance  of  forecast  estimates  produced 
by  these  two  techniques.  This  relationship,  stated  here  for  ready 
reference  is 


where 

a • smoothing  constant,  0 < a < 1 
B • moving  average  (integer)  base  period  parameter. 
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The  smoothing  coust.ini  v.a:>  chosen  l»y  application  r.i  equation  7 to 
corres por.d  to  t;.»’  range  of  h used  In  the  simulation. 


The  :orccast  oi  the  evorh.ul  factor  tor  the  next  PK is  giver* 
by 


***-••» 


Adaptive  l.Mpener.t  la  I Sr.aot  hi  r.r 

Analyses  and  exarplei  c:  this  t cre.u^t  In.*,  technique  can  he  found 
in  Kcfi'VtT.LOs  It?  and  17.  The  basic  iui\j  is  to  vary  the  smoothing  constant 


of  forecasts  arid  actual  observat  ian*. . !n  the  context  c!  tie  overhaul 
process.  If  successive  observations  on  the  •)/*.*  ratio  are  numerically 
relatively  stable,  the  smoothing  constant  "a"  should  Lc*  sr.all  so  that 
sr.all  perturb  at  icr.s  in  the  ratio  are  prevented  f ror:  being  unduly 
amplified  thus  producing  unwarranted  largo  fluctuations  in  the  forecasts. 

On  the  other  har.c,  if  the  Q/N  ratio  is  highly  variable,  the  forecast 
made  for  the  last  PROS  is  most  likely  r.ot  too  representative  of  what 
happens  on  the  r.oxt  IKON:  hcr.co,  "a"  should  be  relatively  large  which  makes 
the  forecast  more  responsive  to  the  la'c-st  observation  available.  The  way 
in  which  this  can  be  accomplished  is  to  use  the  absolute  value  of  a ratio 
referred  to  as  “Trigg's  tracking  signal"  (Reference  16)  instead  cf  a fixed 
smoothing  constant  for  producing  forecasts.  Tills  signal  is  defined 
as  the  exponent i a’.  1 y weighted  average  el*  the  forecasting  orior  divided 
by  the  ncan  absolute  deviation.  The  weighted  average  o!  the  forecasting 
error,  LA VC  is  defined  as 


LA VC  (K+l)  - (a)  • [ t(K) ] + ( 1-a] . [LAVC(K) ] 


<*) 


where 


(10) 
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The  mean  absolute  deviation,  .'!AD,  is  defined  as 


y.AD(K+i,  - [a]  • !!i:(k)|)  + (l-a]  • [m/vD(k)1  (li) 

Trigg's  tracking  signal,  T,  is  chon  given  by 

T(K+1)  » LA  Vi . ( 1 ) / .*  tAI>  { K* ! ) (12) 

Let  AVT  denote  the  absolute  v.4lue  of  T.  Then,  the  forecast  of  the 
overhaul  factor  based  on  data  from  K !*RONs  Is 


F0>1)  * [avt (K+i ) ] . [n(K)/:;(K)J 


(13) 


(1-AVT(K+1))  • |F(K) ) 


. . the  simulation,  the  smoothing  constant  "a"  required  to  compute  EAVG 
and  MAD  was  chosen  as  explained  under  (7)  above. 

Modified  Exponential  Smoothing  (Mudexpo) 

This  technique  was  developed  in  the  course  of  this  study.  The 
modification  of  the  (single)  exponential  smoothing  technique  is  in  the 
determination  of  the  smoothing  constant  which  weights  the  most  recent 
observation.  The  Modexpo  technique  is  designed  so  that,  for  example, 
more  weight  is  given  to  a repair  part  issue  quantity  observation 
associated  with  10  reparable  iten  completions  than  to  an  issue  quantity 
associated  with  only  5 reparable  item  completions. 

The  general  development  of  this  technique  is  documented  in  Reference 
24.  A brief  summary  of  the  development  in  terns  of  notation  used  in  this 
report  is  given  in  Apper.-Vx  3 for  ready  reference.  The  algorithm  for 
producing  overhaul  factor  forecast  Involves  the  concept  of  "average  yearly 
maintenance  program  quantity"  computed  in  a particular  way. 
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!.vt  V denoti  the  average  yearly  ^a :n: rr.ar.ee  propr.tr.  quart i: 


I'd  ir 


, ( 1* r i or  >\T\  + i.xi  atiun  Ti;  * Target  %Tg» 


J!  C-> 


I r!or  *1!^ 


.Virtual  quantity  o!  giver.  rcpar.it  le  iter  or  unich  overhaul 
f specific  - type  was  ccnplcted  during  priai  ris^ai  year. 


i } ecut  ion 

=»  jnntity  of  elver*  reparable  itor,  scheduled  to  be  cvi  r- 
ii.ulej  ir  e-rrei.t  fiscal  year. 


Target 

MPO  * quantity  cl  given  reparable  iter,  scneduled  to  re  overhauled 

Ir.  next  fiseui  year.  ^ 

M Nun.be r c:  fiscal  years  with  *CPQ  greater  than  zero. 

{[•*:]!  * Value  g:  X rounded  to  nearest  integer.  v 

F*  -Oil  Lxeeutloa  :*IV  + Target  VI'O  * n.  (15) 


The  overhaul  factor  forecast  based  on  observations  fror.  K cor.pleted 
?K(.Ns  is  given  by 


ro>D  - [l-wj  • K<K)/.\<K>] 

+ 

IW]  • IK(K)J 

w - (ll/n):,^')  if  p - J , 2 , ...  1 2 
v - (r-i/r+i):,(K)  n v « 13. l*. 


(16) 


U7) 
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A uunr-nry  j!  :!:*•  o*  f\'*  I i.  /.ivet  in  Appendix  *j . 

The  :!cf  i:.;  i ie:.  <'♦  * h«*  j\*.  :\n,  i »riv  pro/rip  quantity,  T, 
ab'iur*  «»  t past  .*.»r.  tie:.*.  maintenance  prepran  quantities  will 
be  phased  out  in  v-'.iriv  ard.Ues  m I*.  Whir.  P is  fcro,  the  latest 
forecasted  :.i-tcr  i-  iru.vr.  and  retained  or.  file.  Forecasts  are  nado 
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- . i :‘va  iu.it  ios:  triti-ri.i 


Criteria  tw  identify  the  preferred  toch-lque  fer  overhaul  factor 
tcrci’.-st  inr  are  o p:  cssod  Ir.  o:  desirable  properi Je:  o*  the 

technique  i ron  comp:  vm  r.si ve  viewpoint  of  depot  overhaul  ; racess  ranago- 
r.ent  uni  operations;  mu*  ii.ciuje;-  considerations  of  data  requirements , 
data  availability  a.U  djta  procossir.,  in  the  computerized  systems  :er 
maintenance  program  planning  at  !!iDA  ant!  in  the  '..’CSS  ar.d  SFKEDUX  system. 

Four  properties  wore  identified  as  ~h  irnc  t ori  r.ing  a good  forecasting 
technique:  Predict  small  forecast  *.  rror* . Produce  small  relative 

deviations.  Require  small  data  storano  capacity.  Unable  automatic 
determination  of  forecast  model  parar.uteri. 

descriptions  of  the  terms  '‘forecast  error’  and  "ncgati/c  deviation" 
and  rationale  for  choosing  these  particular  properties  as  evaluation 
criteria  are  sum: triced  below.  • omp  .::ut  ion.il  algorithms  for  determining 
the  error  statistics,  i.e.,  the  ;uar.t  i *\u  iv  magnitudes  of  forecast 
error  and  negative  deviation  are  ptescr.ied  in  paragraph  -.2. 

Forecast  Lrror 

The  forecast  err^r  is  expressed  in  terms  of  the  mean  absolute  deviation. 
In  general,  the  ceviaticr.  is  the  cifferonco  be t veer,  a forecasted  value  and 
the  correspond! ng  actual  value  otscr'vd  on  the  variable  cf  interest;  e.g., 
the  overhaul  factor  forecasted  and  the  actually  observed  ratio  of  repair 
part  issue  quantity  to  reparable  item  completion  quantity  for  a PRO!.*.  The 
average  of  the  absolute  value  of  the  deviation  over  a number  of  observa- 
tions is  the  near,  absoluted  deviation  (11AD)  . Small  MADs  minimize  over- 
or  under-cst inat ion  of  repair  part  requirements.  At  the  depot  level,  this 
reduces  the  chances  of  stockout  on  the  one  hand  and  repair  part  excesses 
on  the  other.  Usually,  supply  safety  level  stock  requirements  increase 
with  increasing  demand  variability.  At  the  NICP  level,  a smaller  forecast 
error  associated  with  that  portion  of  the  total  demand  for  the  repair  part 
due  tc  overhaul  programs  has  a corresponding  incremental  cost  effect  on 
the  wholesale  supply  safety  stock  investment  required  for  a fixed  level 
of  supply  performance. 


Negative  Devi nr 1 on 

This  tern  denotes  the  quantity  by  which  the  actually  observed 
value  exceeds  the  ccr responding  forecasted  value.  It  is  a measure  of 
the  decree  of  under  forecasting.  The  smaller  the  tendency  of  a fore- 
casting technique  :o  underestimate  repair  natt  requirements,  the  smaller 
will  be  the  probability  of  experiencing  stockout  conditions  during  an 
overhaul  program.  Usually,  such  stockouts  result  in  a temporary 
stepping  or  the  overhaul  production  line  ;r.til  the  needed  part  becomes 
available.  These  *'i lne-stopperM  events  are  considered  more  costly,  in 
the  long  run,  than  the  cost  of  carrying  re* o stock  of  the  repair  part 
in  inventory;  this  is  especially  true  in  those  cases  where  high-priced  or 
urgently  required  reparable  items  arc  being  overhauled. 

hat  a Storage  ar.u  Pr accssing  Fequi  ror.cn  ts 

Advantages  of  minimal  data  storage  and  processing  requirements  are 
obvious.  They  are  especially  relevant  ixi  the  CCSS  and  SPEED EX  system 
environment.  In  addition  to  other  functions  performed  by  these  systems, 
the  multitude  of  reparable  items  and  repair  parts  ar.d  the  multiple  number 
of  depot  maintenance  facilities  involved  in  the  overhaul  process  call 
for  reducing  information  storage  cn  file  or  disk  ar.d  reduction  of  computer 
processing  time  requirements  wherever  possible. 

Automatic  Determination  of  Model  Parameter 

The  advantages  of  the  ability  to  determine  forecasting  model  para- 
meters - such  as  the  base  period  or  smoothing  constant  - from  empirical 
information  generated  by  the  process  for  which  forecast  are  being  made 
are  generally  recognized.*  Among  the  techniques  discussed  in  this  report 
only  the  cumulative  history  technique  dees  not  require  a parameter.  Under 

*See  discussion  on  adaptive  smoothing  in  paragraph  3.3  and  related 
references. 
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the  "oilcxpo  lecht*  !%;ue , Liu-  required  smoothing  constant  is  .internal  ica  1 iy 
determined  iron  data  on  the  tuai  nit-nance  program  and  reparnl  K-  itew  con- 
plot  ion  quantities. 

**he  *.!••  t «•  r nln.it  l«m  t.|  tin-  »** In Ir;itn»  and  r~ix  lr.ttc.  para:%«*!oi  in  the 
: tJc!  is  I »• ! t up  to  the  noit  #t  less  .;ul  Jrcl  Ive  ideas  i*l  \ tt.ir.in-:  oi 
individuals  (sec  paragraph  t.ij.  it  appears  that  the  resulting  parameter 
values  would  reflect  a choice  made  m:  a basis  net  loss  arbitrary  :han 
that  explici'.ly  exhibited  in  the  determination  ci  t‘.»*  "small  p rag ram 
quantity"  parameter  associated  with  the  *!odc>:po  forecasting  technique. 

Under  adaptive  exponential  smooching,  the  smooching  constant  is 
fixed  automatically  through  a transformation  of  actual  observations  on 
the  process  bs-ing  forecasted. 

- . 2 Simulation  Logic  and  hrror  1 tat i >t id* 

The  computer  program  was  developed  to  simulate  production  cf  sequential 
overhaul  factor  forecasts  based  upon  the  consumption  (U)  oi  a given  repair 
part  and  reparabU  item  completion  (N)  quant  icier  recorded  at  each  depot. 

The  program  vas  designed  to  operate  ir.  tvo  modes,  the  MCP  mode  and  the 
Depot  mode.  Salient  features  of  each,  node  may  be  summarised  as  follows. 

Under  the  h*ICP  mode,  the  receipt  and  processing  of  reports  with  Q 
and  :»  data  furnished  by  each  depot  upon  completion  of  a PIION  were  simulated. 
The  Q and  .\’  pairs  were  put  into  one  array  by  increasing  order  cf  fiscal 
year  of  PROS  completion.  The  P/Tl  report  format  does  not  provide  data 
cn  the  starting  or  completion  date  of  a PKO.\*  at  any  depot;  it  ui.Iy  gives 
the  fiscal  year  in  which  the  PRO!.*  serial  number  was  originated.  Thus, 
the  Q and  array  constructed  for  the  simulation  only  approximates  the 
time  scries  which  actually  generates  at  an  MCP  with  sequential  eccipts 
of  BT1  transactions.  Using  t lie  Q and  array  the  program  then  produces 
overhaul  factor  forecasts  and  associated  error  statistics  under  the 
selected  techniques  for  each  repair  part  consumed  or.  successive  PRONs. 

The  first  0 and  N pair  in  the  array  for  a given  part  furnished  the  0/N 
ratio  used  as  initial  value  of  the  forecasted  factor,  F(l),  since  actual 
engineering  estimates  were  not  available.  Additional  r od  if icat ions  of  the 
data  based  for  these  runs  were  made;  for  example,  data  on  only  those  repar- 
able items  were  used  which  had  been  overhauled  at  at  least  two  different 
depots.  2c 
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tnder  the  Depot  rode*  the  0 anJ  ?!  pairs  wore  pul  into  arrays  kept 
separately  for  eacn  depot  a mi  sequenced  by  FROM  f iscal  year.  Overhaul 
factor  forecasts  ;..d  assoc iu'.cd  error  statistics  vere  generated  for 
successive  FR OS's  at  individual  depots. 

The  onor  statistics  obtained  fror.i  runs  under  the  Depot  mode  shoved 
consistent iy  better  results  than  those  obtained  under  the  MICF  mode,  using 
the  I? COM  CjLj  (see  /ppeudix  2.  Tabic  A-l).  With  TKOSCGM  data,  the  MAD 
results  were  worse  but  the  negative  deviation  (MEGDEV)  results  were  better 
under  the  Depot  no  :e  t.M r.  under  the  MIC1  mode.  F ir.ee  the  KCOM  data  re- 
presented porcu*;:  o*  the  total  Gcta  base  it  was  decided  to  use  the 
Depot  node  lor  forecasting  te.ctnique  comparison  and  evaluation.  This 
decision  war?  further  Influenced  by  a rocoTjr.end  it  ion  in  a ctudv  conducted 
at  the  AMC  Tank  ..utorctivc  Curxand  ( Reference  26;  to  the  effect  that  over- 
haul factor  .orecastinp  using  consumption  data  should  be  done  exclusively 
at  the  depots. 

Formulas  for  the  error  statistics  r.re  exhibited  below.  In  general, 
the  evaluation  runs  proceeded  as  feilevs.  A particular  forecasting  technique 
and  associated  r.oiel  parameters  were  chosen.  ; and  M values  for  a given 
repair  part  and  PPOMs  or.  a given  reparable  It  err.  were  read  from.  the  data  array. 
Successive  rorecasts  vere  made  and  the  actual  o/M  ratio  for  each  FROM  was 
corputed.  To  achieve  a fairer  comparison  between  techniques,  data  on  the 
first  3 PROMs  were  used  crJy  to  establish  initial  forecasts  F(l),  F( 2),  and 
F(3)  before  computing  the  error  statistics  (MAD  and  MF.GDEV)  based  on  the 
number  of  the  remaining  PROMs  on  which  the  part  was  used.  MAD  and  NEGDEV 
values  vere  saved.  Data  on  the  next  repair  part  was  then  picked  up  and 
the  process  repeated  until  all  eligible  repair  parts  (those  having  experienced 
at  least  3 PROMs  on  a given  reparable  item)  vere  accounted  for.  The  accumu- 
lated MAD  and  NECDEV  values  were  then  divided  by  the  total  number  of  eligible 
parts.  This  yielded  the  overall  average  MAD  and  NEGDEV  values  for  the 
particular  technique  and  model  parameters  under  evaluation.  The  process 
was  then  repeated  for  the  remaining  techniques  and  model  parameters. 

Two  sets  of  error  stat  ist  ic.<^  vere  used  in  the  evaluation  runs. 
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In  the  first  set,  '.Iu*  statistics  are  based  on  the  difference  between 
forecasted  and  the  actually  observed  repair  part  issue  (consur.pt ion) 
quantity  for  one  PRON\ 

Let  Q(J,K)  * F(J  ,K)  ] • [:'(K)  ] denote  the  consumption  quantity  of  a 
Riven  repair  part  identified  by  index  J forecasted  for  PROS  K.  Define  the 
overhaul  factor  deviation  i),  observed  on  this  part  on  PRO.\*  K by 

b'(J.K)  « [Q(J,K)  - Q(JVK)]/::(K)  (13) 

Let  NP(J)  denote  the  total  number  of  PRONLs  on  which  the  repair  part  was 
consumed  to  overhaul  a given  reparable  iter.  Data  on  the  first  3 of 
these  PRON’s  produces  initial  overhaul  factor  forecasts  F(J,1),  F(J,2) 
and  F(J,3)  under  a given  technique.  The  mean  absolute  deviation  for  this 
repair  part  is  then  given  by 

:LVD(J)  - [ I D(J.K)  ) / [NP(a)-3]  (19) 

K 

K - 4,5 ::P(J) 


Define 


A(J#K)  * D(J,K)  , if  A( J , K)  ' 0 
*=  O,  otherwise 


(20) 


The  rean  negative  deviation,  NEGDEV,  for  this  repair  part  is  then 
given  by 


:;ecdev(J)  - i a(j,k)  (2i) 

R 

The  MAD(J)  and  NECDEV(J)  values  arc  then  averaged  over  the  total  number 
of  eligible  repair  parts,  JTOTAL;  viz., 
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M\D  - [:  MAl'(J)  J/JTOTAL  (22) 

J 

negdlv  - [ i :;tc;Dtv(j)  J/jtoial  (23) 

J 

J * 1.2....JTCTAL 

The  second  set  of  error  statistics  is  based  on  the  difference  between 
forecasted  and  actually  observed  repair  part  quantities  for  2 successive 
PP.W’S:  viz.* 

.,v  IQ(J.K)  4-  Q(J  , K+l ) - 0(J , K)  - Q(J  ,K+1))  (24) 

N(K)  + ‘J(K-l) 

where 

Q(J.K)  + Q(J , K+l)  - [FCJ.^l-lNg.K)  4*  N(J ,K+1)  ] (25) 


Thus* 

D(J,K)  - F(J.K)  - (Q(J,K)  + Q(JfK4l)]/[N(JfK)  +N(J,K+1)) 

(26) 

The  corresponding  MAT  and  h'EGDEV  values  are  then  given  by  equations  19 
through  23  with  the  appropriate  range  of  PROS  index  K.  It  was  felt 
that  this  set  of  error  statistics  would  smooth  out  some  of  the  variation 
in  deviations  and  serial  correlation  in  consumption  quantities  between  succes- 
sive PRONs.  In  addition,  it  was  desired  to  obtain  some  indication  of  the 
ability  to  forecast  longer  tern  averages  of  the  PROS’  consumption  Quantities. 

It  If  noted  that  If  the  consumption  quantities  on  successive  PRONs  are 
exactly  proportional  to  the  respective  completion  quantifies,  the  magnitude 
of  deviation  given  by  equation  24  is  the  same  as  that  given  by  equation  18. 
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CHAPTER  V 


RESULTS  AND  FINDINGS 
5. 1 Results  From  Inquiries 

Information  on  overhaul  operations  and  practices  obtained  through 
inquiries  with  other  military  services  and  non-military  organizations 
(see  Appendix  1)  is  summarized  in  this  paragraph. 

The  Air  Force  had  used  the  recurring  demand  approach  to  requirements 
forecasting  for  overhaul  almost  exclusively  in  the  past.  Demands  for  a 
repair  part  due  to  overhaul  programs  were  not  treated  separately  from 
demands  arising  from  other  support  requirement.  Advanced  Logistic 
System  Procedures  now  provide  the  option  to  use  overhaul  factors. 

The  Navy  has  not  instituted  standard  procedures  but  like  the  Air 
Force  has  programmed  the  capability  to  use  overhaul  factors.  The 
Naval  Aviation  Supply  Office  uses  an  engineering  estimate  produced  under 
initial  provisioning  procedures  for  determining  initial  overhaul  require-  o./ 

nents.  After  the  demand  development  period  (approximately  2 years  alter 
the  initial  operational  capability  date  for  an  end  item)  the  initial 
factor  is  phased  out.  Subsequent  repair  part  requirements  for  overhaul 
programs  are  treated  as  recurring  demands  and  repair  part  supply  levels 
are  established  on  the  basis  of  recurring  demand  history. 

It  appears  that  there  has  been  no  definitive  completed  study  on  the 
choice  between  application  of  the  overhaul  factor  and  the  recurring  demand 
approach.  In  effect,  Air  Force,  Navy  and  Army  practices  leave  the  choice 
as  to  which,  approach  to  use  up  to  the  individual  inventory  control  points. 

Inquiries  with  airline,  railroad,  automotive  and  marine  organizations 
yielded  information  which  . iay  be  summarized  as  follows.  Automotive  vehicle 
fleet  operators  such  as  trucklines  and  the  U.S.  Postal  Service,  and 
producers  of  automotive  vehicles  do  not  overhaul  their  vehicles  on  a 
programmed  basis.  Repair  or  rebuild  is  done  as  required  by  the  condition 
of  the  vehicle(s)  at  any  point  in  time.  A trend  of  increasing  use  of 
installed  monitoring  devices  to  detect  need  for  repair  or  overhaul 
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Is  upu.it  ent.  Attiitn,  i *1  ircji.  .i:*u  : ^ 1 1 J s c-  ?hi)pii..  .Mr.j.snws  Live 
:'c rrci  1 cvcrbj*.!  pr^.-r.ir*  .1  required  by  o . fi*:.:r.eut  repu. .it  . Repair 

par:  cc::?iur.p  : ion  fa*  twr:.  ur»'  l •;  4':.  cor.bir.at  ions 

of  past  experience,  online*  ring  Judgment  and  policy  decisions  arrived 
at  in  a r.cr%  cs  Itss?  M ri.cturcd  fashion.  l\  r»v  airlines  and  the  l*.*'. 

Postal  >v*iVice  r.a*.  o :s  • r:  . ovi:..  ..ver.iy.-  technique  1C  update  repair 

part  /ousumpt  is:*  es:  i::..t *.*<  . 

5 . - ffnulutlen  /.*  suit s 

Forecasted  over  rs.su  I factors  obtain*  d by  the  cumulative  histcry 
f^FLLDLX),  the  * CS  . loCul  ,u.-  tae  .‘!cdt:;;.v*  :•  quo  applied  :u  the 
consumption  history  o:  a river.  part  a/er  .*  cries  of  PRO.R’s  for  a giver. 
er:d  1 ten  are  piotteu  .\i  rip/-:.;  1.  !.e  ,i.;:*:al  !.ictcrf  i.e.,  the  ratio 

U(F)/N(K)  corr  :-*p/.r.cin..  to  : j:c;  j - . i\  > :^r  i\ud.'  K is  ..iso  plotted. 
Successive  values*  nave  beer.  vOune^tcd  oy  strain/::  lines  for  illustrative 
purposes.  The  general  patter:,  vxhihc'c-  i.  actual  cur  forecasted  factors 
is  typical  of  repair  part  and  repur aule  it*-:.,  overhaul  program  historical 
records  in  the  KC<;M  .:*.u  dl  aata. 

Percentage  values  of  the  tverall  . o.r  absolute  deviation  ar.c  the 
negative  deviation  obtained  frem.  HC jM  cverhi.:l  program  data  with  applica- 
tions of  equations  JSf  -d  ind  2i  and  those  ubcainec  from  TR'ibCO" 
data  with  applications  of  equations:  2C,  2~  ar.u  23  are  tabulated  in 
Table  1 for  each  of  the  foretasting  techniques  and  r.odel  parameter 
evaluated . 

5 . 3 Discussion  of  Results 

The  mean  absolute  deviation  values*  posted  in  Table  i under  the  wduren 
labelled  "KCO"  DATA*  differ  considerably  iron  corresponding  values  for 
the  7RCSCGM  data.  This  is  an  indication  ot  the  difference  between  the 
two  commodity  groups  ir.  terms  cf  repair  part  requirements  for  overhaul  of 
reparable  items  as  reflected  in  the  available  data.  For  example,  t lie  over- 
all average  overhaul  factor  for  HCQM  items  is  about  9 and  chat  for  TROSCOM 


10 


about  32  per  ldO  comp li  t .ons . 

Within  cither  of  the  tvc  Ccnmcdity  groups,  the  adaptive  exponential 


the  boot  performance  in  t err*;  c f the  roan  absolute  deviation.  Based  cr. 
the  average,  of  values  posted  in  Table  1 for  each  technique  and  corresponding 


the  worst  in  tils  scs  3o.  ‘edexpo  ear-.  Let  ur  than  the  Cumulative  History 
technique  but  rot  as  well  as  the  CCaf  od.'l  when  applied  tc  KCOM  data. 


data.  Titus,  the  negative  deviitior  r -su  ts  are  somewhat  inconclusive. 

It  is  noted  that  /.>:  r e 1 1 (Kef.  22)  ! ou:.d  the  Cumulative  History  technique 
to  perform  worst  and  a t«*chniq-.a  (yjaciutir  ;)  incorporating  completion 
history  in  a special  way  tc  petfetr.  Lest  ur.dor  l.is  evaluation  criteria. 

It  was  desired  t j compare  the  Cur.il.it  :l  history,  the  CCSS  .“.cdel 
and  the  "odexpu  technique  based  or.  tin  error  statistic?:  obtained  with 
maintenance  program  parameter  valves  of  i aid  2 years.  For  this 
purpose,  a "porcc  r.t  improvement  indicator**,  1*1,  was  defined  as  follows: 


ar.d  where  "statistic"  is  either  the  tAL  or  TI.CDEV  computed  from  values 
posted  in  Table  1.  Data  used  and  results  of  this  comparison  are  tabulated 
in  Table  2. 


smoothing  technique  .shows  the  vor»t  and  the  modified  exponential  smoothing 


The  opposite  of  this  is  true 


.e  techniques  are  applied  to  TROSCOM 


Statistic  3*1  (X)  « [^J-UOOi 


(27) 


where 


*<  « value  oi  statistic  generated  hv  technique 
V **  value  of  statistic  generated  by  .‘todexpo 
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With  relvrencc  to  Table  2,  It  can  be  seen  that  for  the  results 
cbtalr.ee  with  ECOM  data,  Modexpo  provides  a 6.12.  reduction  In  !!AD  and 
a 2.7  4 reduct  loti  in  NECDLV  compared  to  the  Cumulative  History  (SPKEDCX) 
techniques.  Rased  on  TROSCOM  Jaia,  there  is  a 1.12  reduction  in  MAI) 
but  a 3*1  increase  in  MECDE7. 

Ir.  comparison  with  the  rcSS  Model,  Med  expo  provides  a 1.32  reduction 
In  MAD  and  no  reduction  In  I.'ECDEV,  based  on  I COM  data.  Based  cn  TROSCOM 
data,  there  is  a c.9%  reduction  in  MAD  and  2.62  reduction  in  .'IECDEV. 

The  advantages  offered  by  Modexpo  over  the  Cunulatlve  History 
(SPEEDEX)  and  the  CCSS  Model  technique  nay  he  summarized  by  forming 
weighted  averages  of  the  MAD  and  NECDEV  percent  improvement  indicator 
values.  The  percentages  of  the  total  data  ir.  the  combined  ECOM  and  TROSCOM 
data  base  are  used  as  the  relative  weights;  i.e.,  502  for  ECOM  ar.d  202 
for  TROSCOM  (See  Chapter  III). 


Modcxpo  vs  Cunulatlve  History  Technique 


Average  Improvement 
In  MAD 


( 0. b ] • [ 6. 1 ] + [0.2)*  [1.1]  «=  5.12 


Average  Improvement 
In  ! IECDEV 


[').  £)•;:.  7)  + JO.  2 ) • (-3.0)  * 1.62 


Modexpo  vs  CCSS  Model  Technique 

Average  Inprovenent.  . [0.S].fl.3]  + [0.2).  [8.9)  - 2.8': 


Average  Improvement 
In  NEGDEV 


[0.8)-[0)  + [0. 2] • [2.8]  - 0.6% 


Results  obtained  with  the  ECOM  and  TROSCOM  data  indicate  that  a 
reduction  in  the  magnitude  of  the  base  period  or  equivalent  smoothing 
constant  is  generally  accompanied  by  a reduction  in  forecast  error  ‘MAD) . 
In  the  case  of  the  Modexpo  technique,  the  one-year  average  maintenance 
program  value  yielded  the  best  result.  Fron  the  implemen- 
tation point  of  view,  this  value  is  also  considered  to  maintain  a 
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reasonable  degree  of  stability  In  the  forecasting  and  requirements 
determination  process. 

Data  for  updating  overhaul  factor  forecasts  originates  and  is  pro- 
cessed and  quality  controlled  at  the  depots  where  overhaul  work  is  actually 
accomplished . It  became  apparent  that  overhaul  factor  forecasts  developed 
routinely  at  a given  depot  could  Ic  furnished  directly  to  the  cognizant 
Command  and  there  combined  with  forecasts  developed  at  another  depot  for 
the  same  repair  part,  reparable  item  and  type  of  overhaul.  This  would 
eliminate  the  transmittal  of  voluminous  original  consumption  data  to  the 
Command;  it  would  also  eliminate  the  need  for  a second  processing  opera- 
tion at  the  Command  on  the  data  already  processed  once  at  the  depots. 

A good  estimate  of  the  “Command  Overhaul  Factor"  (COF)  based  on  individual 
"Depot  Overhaul  Factors'*  (DOFs)  could  be  developed  as  follows ; 

Let  n denote  the  depot  at  which  an  overhaul  factor,  i)OF(n),  for 
given  repair  part,  reparable  item  and  type  of  overhaul  has  been  fore- 
casted. Let  P(n)  denote  the  average  yearly  maintenance*  program  quantity 
for  the  nth  depot.  Then,  if  there  arc  N’D  depots  producing  forecasts  of 
the  overhaul  factor  for  the  repair  part  managed  by  a giver.  Command, 


COF  « [ r.  (DOF(n)  )*(P(r.))]/L  P(n) 
n n 


r. 


1.: 


::d 


(28) 


5.4  Conclusions 

Based  on  the  evaluation  criteria  with  particular  emphasis  on  reduced 
data  storage  and  processing  tine  and  the  automatic  determination  of  model 
parameters,  the  Modified  Exponential  Smoothing  technique  is  the  preferred 
alternative  among  those  considered.  Regardless  of  which  technique  is 
chosen,  forecast  errors  will  remain  large  due  to  the  great  variability 
in  repair  part  consumption  exhibited  by  the  actual  data  on  the  overhaul 
process . 
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[) . 5 vc  or  .re  ni  Lit  juu. 

Findings  and  cons  idt- rations  d<  scribed  above  load  te  the  reconr.onca- 
cicr.  :o  replace  me  i.ur jl.it  1 vr  1 echn ique  ter  overhaul  factor 

forecasting  under  the  EPLKbKX  ^ysto-  by  the  Modified  Lr.pcncnt ial  Sr.octhing 
technique  with  a I -year  averse  r.n  into  nan*,  c program  quantity  os  the  pre- 
: 1 1 r e J i .out  * pa  r jr.e  ter. 

The  practice  of  double  process inp  of  depot  overhaul  consumption  data 
should  be  J i scent  Lr.ued . Instead,  Liarntird  lev*.  I overhaul  factors  should  be 
estimated  : rom  depot  produced  nvothaul  factor**  by  means  of  a weighted 
average  as  do:  lr.ee  I.  ..qaat  Ion  J or  »•  i ivtlent. 

ilote:  Above  stall  d roesnron«*..i  icr.**  !wvc  » I ready  been  imp  lemented 

t the  time  of  this  writ  in/.  I hr  second  recunnendat  ion  had 
previously  been  race  in  various  forms  (see*  Veferer.ee  j 2( 
and  r\'.. 
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nCl'RK  1.  ACTUAL  AND  KOHKCASTl  t)  OVERHAUL  FACTORS 


f 


- 


: C CASTING 

XODEL 

1 ARAN  ALfCLl’TE  riYI/.T!  •; 

1 NEGATIVE 

DEVIATION 

VllVL 

PARAMETERS 

!u.M  DATA 

j!  p.cscom  da:  a icon  data 

tTRCSCo:-;  data 

f jijclvo 

None 

12.2 

63.6 

; -5.5 

-40.3 

/;ib:qry 

1 

I 

CCCS  Model 

Min.  • 1/3  Year 

11.3 

68.4 

i -5-3 

-44.2 

Max.  ■ i/3  Year 

i 

M.ax.  • 1/2  Year 

11.3 

67.5 

-5.3 

-44.8 

Max.  - 1 Year 

ii. a 

67.6 

-5.3 

- 44.7 

Max.  ■ 2 Wars 

11.4 

7C.4 

-5.4 

-43.9 

Max.  ■*  3 Years 

11.9 

64.2 

• -5.4 

-44.2 

l:  led 

Maine . Progran 

. 

1 

1 

l..;:r.?r.:lal 

? - I War 

11.3 

63.9 

-5.3 

-42.0 

free thing 

F * 2 Years 

1 1.6 

61.  P. 

-5.4 

-41.0 

Single 

Smoothing  Const. 

1 

i — ** 

1 

-xpenentiai 

a - 0.67 

11.7 

67.9 

j -5.4 

-41.8 

Smoothing 

a - 0.50 

12.1 

67.5 

- -5.4 

-41.1 

a - 0.29 

13.0 

65.4 

-40.9 

Adaptive 

Smoothing  Const. 

' 

1 

Exponential 

a - 0.67 

13.3 

82.8 

-5.3 

. -41.4 

Smoothing 

a » 0.50 

14.2 

91.1 

! -5.1 

-40.7 

i 

a - 0.29 

15.7 

101 . 6 

• -5.0 

-38.9 

l 

Moving 

Base:  1 PROS’ 

11.6 

68.4 

-5.5 

-44.2 

Average 

2 P RON’S 

11.4 

61.7 

I -5.3 

-41.1 

On 

3 pro::. 

12.1 

64.8 

; -5.4 

-40.4 

Suns 

6 PRONs 

, 12.3 

63.6 

-5.4 

-40.3 

Maint.  Program: 

1 

* 1 

. i 

1 

| 

1/3  Year 

11.2 

65. 4 

. -5.3 

-44.2 

1/2  Year 

11.5 

*7.6 

-5.3 

-41.1 

1 Year 

11.5 

SE.l 

-5.4 

-42.1 

i 

2 Years 

11.9 

62.5 

-5.5 

-40.7 

t 

3 Years 

12.1 

63.8 

; -5*5 

-40.4 

Moving 

Base:  1 PR0N 

11.6 

68.4 

-5.5 

-44.2 

Average 

; 2 PRCNs  | 

1 11.8 

70.1 

-5.5 

-41.7 

1 On 

3 PRONs 

12.4 

72.9 

-5.5 

-40.8 

^Ratio 

6 PRONs 

12.7 

69.8 

-5.5 

-40.6 

Maint.  Progran 

| 

1/3  Year 

11.4 

68.4 

-5.4 

-44.2 

1/2  Year 

11.5 

! 66.9 

-5.3 

-41.8 

1 Year 

11.5 

59.9 

-5.3 

-43.2 

2 Years 

11.8 

70.7 

-5.5 

-41.2 

3 Years 

12.5 

70.0 

-5.6 

-40.9 

TABLE  1. 


Reproduced  from 
belt  Available  copy. 
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DEPARTMENT  OF  THE  ARMY 

USAMC  INVLNTORY  RJLSKAkCH  OFRCE-USALMC 
FRANKFORD  ARShNAL-PHILADELTHlA.  PA.  19137 


10  April  1974 


/.  x r0*  .«  r r , ✓ . „ 


Dear 


We  are  doing  a study  tor  the  Army  Materiel  Command  on  maintenance  practices. 
The  particular  area  ve  are  now  looking  into  is  the  area  of  overhaul.  What 
ve  are  Interested  in  arc  the  policies  ar.d  practices  you  follow  and  general 
information  of  how  veil  they  have  bteu  working  for  you. 

Our  specific  questions  are: 

1.  Do  you  have  a formal  overhaul  program  for  complete  aircraft*? 
for  major  components? 

2.  If  so,  how  is  overhaul  scheduling  done?  How  are  items  selected 
to  be  overhauled? 

3.  How  long  before  beginning  of  program  e:  ccution  is  the  size  of 
the  overhaul  program  fixed? 

4.  What  are  your  rules  for  allowing  changes  to  the  overhaul  schedule 
once  it  is  developed? 

5.  How  do  you  forecast  the  range  and  quantity  of  parts  needed  to 
support  overhaul  schedules?  Who  does  this? 

6.  How  long  before  the  start  of  an  overhaul  program  do  you  require 
the  parts  to  be  on  hand? 

7.  How  long  on  the  average  does  it  take  to  overhaul  an  item? 

(from  time  of  induction  until  time  of  completion) 
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SATJFA-AMCIRO 

TO:  Mr,  Henry  Fell 


10  April  1974 


8.  Do  you  do  any  pre-inspection  of  icon-;  prior  to  overhaul  as  an 
aid  to  prediction  of  parts  need?  If  no.  how  far  in  advance  of 
the  stare  of  the  overhaul  schedule? 

If  you  cannot  provide  the  answers  to  these  questions;,  I would  appreciate 
your  passing  our  query  along  to  the  proper  party.  If  you'd  like  any 
further  inforr-atlon , please  call  ne  at  2H>-h31-A934. 

Sincerely  yours. 


BKRNAW  15.  ROSES'!/.'! 

Director,  AMC  Inventory  Research  Office 
Institute  of  Logistics  Research 
US  Ar:iy  Logistics  :innas<ment  Center 
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cu::tacti:;> 


u vL  Q!  l : ; .-.kv  om  a:.  ! ;’,y:  t 

»v.*t*..e<»r  ...  lines,  > nc  • • i*i*  •>  • « r i i ••• 

Caterpillar  Tractor  Company,  Peoria.  131. 
ilunicul  Learr.ar  Tank  Lines,  Ir.c.,  ! ovnir.r ton , Pa. 

I ejgla.*;  Aircratt  Company,  Las  An^elt  s,  Cal. 

V.JUw'n  L*avi  Ration  Company,  San  Francisco,  Cal. 

Pacific  Ir.terr.oumain  Lx press  Company,  Oakland,  Cal. 
•c;.:'.  Central  1 rar.sportut lor.  Company,  Philadelphia,  Pa. 
Southern  Pailvay  System,  Washington,  I) . C . 

United  Airlines,  Inc.,  San  Prancis-o,  .al . 

’*.5.  Postal  Service,  Washington,  L.C. 


appl :;;>r:  2 


examples 


* ^SS  Model 

This  example  illustrates  the  algorithm.  tie  fined  in  expressions 
«.2a 5,  (2b)  and  (2c)  under  paragraph  :. 

Suppose  tho  minimum  and  maxir.ur  pu.imotors  uro  3 and  30,  respect xvoiv. 

Assume  the  forecast  was  frozen  with  completion  of  the  10th  PKCN ; 

J.o.,  L«10.  The  forecast  tor  tho  r.ext  IKON  with  index  L+K  « 104-!  = 11 
is  F(1I)  - F(10).  Suppose  now  tr.au  4 rvp.irahler  c.re  completed  under 
FXON  11;  her.ee,  N(ll)  * 4 . r,ils  is  l»ss  lh.*:i  the  minimum^  parameter  of 
5.  Therefore,  the  t ©recast  for  the  next  PRON,  i.e.,  for  PKON  11  is 
(FI  2 > * F ( 10)  • The  value  of  \’(11)  and  the  consumption  quantity  of  the 
repair  part  unJer  consideration,  Q(ll),  are  saved.  Assume  chat  23  repar- 
able liens  ar^  conpleted  under  PRO!.’  12.  Then,  Nfil)  + M(12)  «"  29;  this 
Is  larger  than  the  minimum  parameter  but  less  than  the  maximum  parameter. 
!i.o  frozen  factor,  F(10),  is  discarded  and  the  forecast  for  tne  r.ext  PRON, 
i.e.,  for  PKON  13  is  given  by  F(13)  = [Kll)  + Q(12)  )/ : N ( 3 1 ) ♦ N(12)). 

Assume  that  30  reparable  items  arc  completed  under  PRC! I 13.  Then, 
Nill)  + N(12)  + N ( 1 3)  « 39;  this  is  larger  than  the  maximum  parameter  of 
3D.  The  forecast  for  the  next  PRO!*,  i.e.,  ror  PRON  14  is  given  by 
K(I4)  - !Q(il)  + Q (12)  + Q(13)]/[N(11)  + N(12)  + N(13)].  F(14)  becomes 
the  r.ev  tro2er.  value.  Consumption  a;:d  completion  history  cn  PRCNS  11,  12, 
ar.d  13  is  deleted  from  records  and  a new  cycle  starts  with  14  as  the  new 
value  for  index  L.  Note  that  the  minimum  and  maximum  parameters  are  not 
changed  once  they  are  fixed. 


Moving  Average  on  Sums- f ten  Completion  Model 

Suppose  B «=  2,  N(l)  * !!(2)  - N(3)  « 1.  Let  L - 1,  K * 1;  then 
' N(J)  - 1 ' B and  F(2)  « Q(l)/N(l).  Let  K * 2 ; then  ~ N(J)  *=2*2, 
and  F(3)  * (^(1)  + Q(2) )/[::(!)  + N(2)J.  Let  K - 3;  then  Sj  N(J)  * 3 > B. 
Increment  L from  L - 1 to  L ■ 2;  then,  J * 2,3  and  r( 4)  « (Q(2)  + Q ( 3) ) / 
[N(2)  + N ( 3 ) ) ; etc. 
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12.1 


> . 0 


-6.4 
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AVERAGE 
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CCSS 
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icr  MOM:  VS  UtrOT  MdOi:.  PERCENT 


wjEZi't)  <}:r,u'iv u: t;  ?onsiav;  u* 

this  appendix  SM-tthoa  u.c  t.% \doprent  o:  equations  .n.d  17  ;?•. 
terms  of  no  tat  lonn!  convent lo;  as  J i errs  melody  used  r]  retire  out  ;hi:* 

: c p^r  • . 

y.odexc^  Jcvelo:  7_vuit_ 

Suppose  chat  in  cot.  letirR  overhaul  of  a Rroup  c:  reparable 

litres  under  a Riven  l*  RON  Lite  repais  part  quantity  actually  consume  or. 

each  individual  iter:  is  recorded.  Assume  that  li  e initial  overhaul 

factor  forecast  used  tc  predict  tun  repair  \ lit  requirement s far  the 

total  of  N reparatlt  items  lb  updated  whenever  or.e  of  the  items  ur.ier 

this  i'F.uN  is  completed.  Lv:  to  the  oc:;sur.pt  lor.  quantity  observed  and 

recorded  or.  the  r.tn  reparable  iter  hy  (.  . reppese  the  single 

exponential  smocthir-.R  technique  uitb  sn.othi::;;  constant  “a*’  1 l.  used  to 

update  the  forecast  niter  r ;.c:  ’ observation.  I he  last  of  these  updates 

will  reflect  C%.,  1 . e . , the  cor. suc.pt  ion  reci  fdc  1 ur  the  Nik  reparable 

item;  this  last  update  of  the  overhaul  factor  wLj!  thrr,  bo  umc  to 

predict  the  repair  part  requl : erccr:*.  :o:  thi  next  -RON  cr.  the  River. 

reparable  iter..  Let  F denote  the  initial  overhaul  f;,vP<r  estinr.te 

prior  to  completion  o:  the  flr^t  reparable  it«.r  cr.  the  Kti.  RR<\N  so  that 

F ^ * F(»l)  in  our  r.vt.itxcr..  ‘sinR  •c-'ns  r.prior.  oxper : enre  C_  and  single 

exponential  sr.cotair.*; , the  updated  I tutor,  F , based  on  3 series  cf  n 

olscrvat ions,  i.e.,  or.  C,  , C,  ,...C  , is 

L n 


F *=  a • C * (1— aj  * r 

n n r. 


) 


n 


1, 


; o < a ^ 1 


An  equivalent  expression  for  is  (Reference  It) 


.14 


X .. 


V 


K .! 
o 


(A. 2) 


.l-a)1 


• n-a)”'1  . 0. 


The  upiutvd  fuctcr  based  on  the  tc;al  of  !C  observations  when  all  M 
reparable  it  etc  i.r.ier  PPON  K have  Lien  completed  is  F„;  this  now  becomes 
the  overhaul  i actor  forLcast  for  the  next  PI10N  on  the  same  reparable 
iter..  Iv.  car  ;,ar.ti)n,  also,  o(K)  , the  cumulative  issue 

quantity  is  as.urtd  to  be  equal  to  the  cumulative  consumption  of  a riven 
;art  cu.  PRO:.*  K ur.cer  whicu  :.*(K)  reparable  items  were  completed;  thus, 

0(f)  - : C (A. 3) 

. i* 

r.  * 1,2 ::<K> 

Data  is  available  onlv  or.  U(?l)  and  r.'(K)  but  not  on  the  C ; however,  C 

n n 

nav  be  approxinat cd  by  using  the  average  value,  C,  where 

C « Q(K)/:;(K)  (A. 4) 

*ith  this  approximation  A. 2 car.  be  written  as 

F„  » U-a)n  * r + a • C * 2 (l-a)n_1  (A. 5) 

r.  o i 

i » 1,2, .. .n 


To  sinpliry  this  expression  put  k ■ i - 1 and  use  the  relationship 


[!-:•:  l/[i-x]:  o 


k.  = 0 , 1 , . . . , n- 1 


(A.  6) 


A3 


With  t he s»'  substi tut icnb  A.  b lecor»*s 


U-3 ) -K  - 


(A.  7) 


Put  n * :;(KK  5iy  Jui  ii'.Uicii,  » 
p~l  V » (2-a).  Ihcso  substitution:  at;d 
*<:iaiicn  it. 


and  rs(rj  * FTtHI;; 
use  ot  A. 4 in  A. 7 lead  to 


Smoothing  Crr.stan t V 


Suppose  again  that  succor.  I .v  urd  :c.  ot*  thv  initial  xvrLrj'.  f icto: 
ter  i1  RON’  K arc  made  by  use  of  the  individual  consumption  quant  It  len  f 
us  explained  above.  Assume  t'.  at  thi  * Ingle  exponential  sr.  cotnir.g 
constant  "a"  to  be  used  is  rhoser.  so  tJ.ar  it  corresponds  to  a moving 
average  base  period  expro^ed  in  tcrr.s  u:  reparable  iter.  cor.pl c t ir.r.s . 

Let  this  base  period  be  the  yearly  average  maintenance  program  quantity 
P.  Then,  iron  the  equivulcr.ee  relationship  given  by  equation  J, 

1 - a - P-l/P+i;  vith  N’O’.J  denoting  t:;o  completion  quantity  on  PRO!.'  Y , 


W » (P-1/P+1):,(K) 


(A.P) 


The  average  maintenance  program  quantity  P for  a reparable  it«*r,  scheduled 
to  be  overhauled  nay  take  on  an v integer  value  with  1 ar.  the  lowest 
possible  value.  On  any  giver,  pr.'grun  c ..»racter ized  by  the  value  of  P, 
the  reparable  icen  quantity,  .*.’,  completed  on  one  of  the  PRO  Ns  established 
for  this  program  may  also  take  or.  ,r.v*  integer  valti'*  also  vith  1 as  the 
lowest  possible  value.  Snail  values  oi  P are  typical  for  low  density 
equipment. 

Consider  some  examples.  Suppose  that  P « 1 and  that  the  one  reparable 
item  is  scheduled  for  overhaul  under  one  PRO!.*  to  Le  cor. pleted  within  the 
next  12  months.  Suppose  further  that  this  particular  item  had  experienced 
many  PRONs  in  the  past  for  which  requirements  for  a given  repair  part 
had  been  forecasted  via  the  overhaul  factor  approach.  By  A. 8,  W * 0 in 


v 
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this  case,  so  that  the  overhaul  factor  forecast  determined  from  equation 
16  for  the  upcoming  PRON  would  be  based  solely  on  the  last  observation 
(Q/h‘)  but  would  not  reflect  any  other  part  of  the  overhaul  consumption 
history.  This  waste  of  past  experience  appears  undesirable. 

Suppose  now  that  P - 2.  If  2 PRONs  are  established  to  complete 
thia  program,  with  N - 1 on  each  of  the  PKONs,  then  W « 1/3.  If  1 PROS 
is  established  for  this  program,  then  N - 2 and  W - 1/9.  If  consumption 
experience  in  the  past  had  been  relatively  stable,  either  one  of  these 
two  possible  weights  may  be  too  low  from  the  viewpoint  of  introducing 
undue  perturbation  in  the  forecast  as  was  discussed  in  connection  with 
adaptive  exponential  smoothing  (paragraph  3.3). 

To  attenuate  some  of  these  undesirable  aspects  which  are  particularly 
drastic  when  P is  small,  we  introduce  the  "average  weight"  denoted  by 
AW  and  defined  by 

AW(P)  - (1/P)  • I [P-1/P+1]N  (A. 9) 

N 

N - 1,2, ...P. 

The  probability  that  N exceeds  P in  actuality  will  be  assumed  to  be 
much  smaller  than  the  probabilities  associated  with  N values  less  than 
or  equal  to  P.  Under  this  assumption  the  expected  value  of  AW  would  not 
be  significantly  affected  by  limiting  N to  the  range  from  1 to  F. 

It  can  be  shown  (reference  25)  that 

11m  AW(P)c*  0.43  (A. 10) 

p — >00 

Limiting  the  accuracy  to  one  decimal  digit,  define  a "small"  program 
quantity  P - Pq  by 

AW(P  ) - 0.4  (A. 11) 

o 
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Solving  A. 9 with  this  value  yields  P * 12  (approximately).  Substituting 
?c  for  P in  A. 8 yields  W - 11/13  ; this,  together  with  A. 8 constitute 
equations  (17)  in  paragraph  3.3. 

From  the  definition  of  P (equation  14)  it  nay  be  argued  that  N 
could  be  as  high  as  3 times  the  value  of  P.  In  this  case,  the  Unit 
as  P approaches  infinity  la  approximately  0.16  which  corresponds  to  a 
P value  of  about  9u;  in  the  depot  overhaul  context  this  would  less  likely 
be  considered  l M snail"  program  than  would  P • 12. 

Other  approaches  to  find  suitable  values  for  the  smoothing  constant 
for  small  programs  could  he  taken.  Ir.  this  study,  considerations  ver< 
United  to  those  described  above. 
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